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(57) Abstract 

Compounds represented by general formula (I) or salts thereof, wherein R\ R 2 , R 3 , R 4 , R 5 , and R 6 each independently represents 
hydrogen, halogeno, C^ alkyl, or C,. 6 alkoxyl; R 7 and R s each independently represents C w alkyl or optionally substituted aryl; R 9 and R 10 
each independently represents hydrogen, C M alkyl, or C M alkoxyl; and R n represents hydrogen or C M2 alkanoyl. The compounds are 
substantially nonfluorescent and react with singlet oxygen under physiological conditions to give a fluorescent substance. They are hence 
useful as a reagent for singlet oxygen determination. 
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R\ R 2 \ R\ R\ R s s St>*R 6 ti^ix^*iM{C7K^M^ Any>l^ 

c M 7/i'*^ xatc w 7^3*^i;*^u r"j± 



R 21 




(i^ R ,2 N R'\ R\ VK R'M^fteh^tTkmil^s AP^>® 

3% c,- B xtt c,.,7;b3*->;i/££3j*u R 18 #tf R" tt^ft-etu* 

C,., -T-^^^XJiS^^Wf £ C i: % & £ 7 V -)\,m*m U Mtf R 21 

IB^;( I )T-a^ tiS-fb^Xtt^offi i: -fiJSB$$ t * 5 xg, &tf(B) 

±fflxg ( A)T- b ±BBi$( 1 1 ) ©fts^Xtt * (OfAomt & & xi £ 
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r» n rz\ r» % r*\ R"si>* R 2 Mi*ft^ft&jfct7jc|yii^ ad^>I 

iLiz c M T;i/*;i/Sxfc*§&S£*l-£ cfe**47»; w u R 31 R 32 

s 

fcTKOS (IV) : 



R 44 




R 3i \ R 36 > R 3 \ R 3 's RVW&ZMti&lUzymm?, >\u>fyWL 

=¥s c,. B 7fr*n>&* xtt c M r/w3*s/^a£*5%u R 41 r 42 tt**i*ft» 

it c,_ 6 T;i/*;i/*xtt^&*£* f a £ * & * 7 u u R 43 R 44 
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i i ait s(i)©<b£to (fls^«5 13) Rvftjb-r tt(\i)<D<b&to<Dm%iX 

^ YfrKm-tWC&Zo 0^ (a)&<b-£$J(13)©MX^ h;i/*^U (b) 

(b)tt-aaR*©*#4T (Na,Mo0 4 At«m) T©*£lg£^-ro 
8§3Elfciu fb-&^(16)©#£TT-- g®183R*SB£3-ti-fcKJ&ift 

^Weo^m^^fo^fes lfcfc<b£ti(16K £-*2(i#jfo©5£(II) 

Wt^*flS%«^Lfc*S**^"fiaTfft4o 0** (a)tt 1 mM EP-1 #£TT* 
(D&mZwls ; (b)(i 2.5 mM EP-1 #4TT?©*S**^L *. (c)& 5 mM EP-1 # 

*WIBI*t:43V^Tfflv , »6>nsfflS©3eti*i±WT©i:*t)"C»*o r;i/*;i/SX 
ttr;i/3Jf-i/;i/St3^^57';i/^;^#(is HSU #£HU Xtt»tt©v^1*ii*c 

n-7*Dtf;i/S. -fV7Dt;i/Ss ^^70^ n-T^;^ sec- 
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y^-)]/^ tert-73-)l&, *s>7u73-)\/m, n-^>^;i/*x n-^Z-isfrM. is 
ttWCIM^nft^tfs g&£kbT C,_ 6 7)1*))/^ C H AD7;i/« c,. 6 

s^^-rsch^feST'^y^ #;i/#^>;i/^ t)^^^^)^-)^ c,_ 6 

5£(I) (cijVATx R\ R\ R\ SvJ c R 6 j{) J |5l^t^M^-Cfe5c:i:W^UV>o 
R 2 StF R s &*Mti&&£*mmtt&nv>f 

urffi^js? #«f * u*. R 7 st>* R'* j *ti j enaiis:k:B«ia6* wrack** 

u<s R n tt**JC§i^-T?fc3£i:##3;bi\i 

S;(II){;^V^Ts R 12 > R'\ R ,s s SVR'^ra^CTKJRiS^feSCii^Sb 
Oo *fcx R 13 JSlU R 16 tt^ti^nM^TK^^Xtt^D^V^^T-^ack 
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t»^t<x r 22 it^mm^x^^ztifiu^L^o 
asun) r 2 \ R 2i \ r 2 \ rv # i tfimtif£7kmm?T-$>zzt&i&£ 

U^o £tcs R 24 SI? R" tt^ti^n^^TK^^XJiADyyii^T-feSC 

y yjg^fc UTttJWFtfW* bOo R 29 R 30 *«**t**liltfitfc*lMt**r 
iC(IV){3^^Tx R 35 s R 37 s R 3 \ RVK w &mm£&m%i¥Z-$>ZZ£tfift$l[s 

i 

£#J;!3#?f;b^o R 36 St>*/Xii R 39 #^ny>J^PT-& fciu ad^> 

fi^Ffc LT«*SW»* b^o R 41 R 42 #**l^ftM:£g&*££-r££ 

^(DS^dDoib^titi^SMM^bT^S-rscfc^T-tSo JlStt 

JPifihbTttx ^Jx.«s ^hUfrAtt, 3b;i>S"7A*g> 
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itk £ft£©JI&<*:©£Elc©ig£tk 7*S#&£tt^rft*>#&BJ3©iBfflt& 
^tl5o &*>\ *»IIIi©a(I)©fll6«XJ±55(II)0'fc'&fttt^ 
h>«*»J*LT> ±IB©a(III)XttS(IV)©^«!CDa6*#ttC»J6f 
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C,. 6 T)i*))<&, Xl± C,. 6 * 

B\ ft-&$Kd)£^-te h>^i:*©W©#4Ts 3ttfcffi»irc3»>ft*?\n/fcK 

Tetrahedron 38, 1425-1430(1982)(c|B«g©^St3^oTs ft£»(f )fcft£#J 
(e)*E/fc£tt3£i:fc:«fciK ft£*J(g)&8l»U Rt-ftltSCfcWDs ft 

JOfflTtlff^ifc^ta. ft£»(f)B\ Tetrahedron 38, 

ft^«9(g)A»&ft^«D(h)^©*lftKj©H:s HKWfcttttft^f-l' 

#Jfc N Tetrahedron 39, 623-627 ( 1983 )Xtt Can. J. Chem., 53, 256-262(1975) 
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*b£#i( j) i:<b£ti(k) t *KJ&£ * S d i: (c J: t) s 5t( I-a)T?*to*iiS*» 
i$3©fc£1&£S£«£fca i "CSSo Rj&Bu 09*. ttflMblftfr. = *fc*£aifc 

dh#T££o R 10 &tf/XJ± R" ^ C,. 6 7*;v:3^>;i/S©i§£-fc:fcJu mbM£&£ 
faMZBLfemtZztizk*). R n *s7;i/*y>f-«/«*S5C(I)©'fc'&4U4«3S 

tSl^tts 2%m&±(D7t'Mbffl$:fcfc£i£2>Zt\ l z£^X, S(III-a) 

^^*T-3i^<b7K^*SJl:^^Sii:^«tt)Mji'r^^i:* J T*#So 
#8iJB©<b^©§^£&*#WI^©^fclfc* £fc:^tt#)#»o&Sllfc*L 
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WO 99/51 586 PCT/JP99/01 658 

(Protective Groups in Organic Synthesis, T.W.Greene, John Wi ley & Sons, Inc., 

mfcm^ ttai> &afcs wnTh^-f- 

"PC-Mil* fcfiJ&bX\ »J»©±Ba(II)©^b^«X«±*©**^it*eK 

©'^b-^!)x(i J e©mi^^©m^*^•rst4^<£WLTv^5o ^ot, ±taa 
( 1 1 )<Dit&tox&*<Dm<Di3ift*mM? zztiz&^x, -s®®*£«urr % 

£ t ifi nJffcT- <fe5, ^( I )©fls£«iXtt j e©ffltt«5& 7 * i: fcfcHM & t K 
Jfctt1\ -SE«*i:ttJltofcKJ6«tt*S*LT^3o *fc* 5£(II)©<b£ 
#lXtt*©ttttffifcTm#Blfcfcft*i"0>3fc«>, S(I)©^<»Xtt*©ffl* 

mmwm & jew c so^t s s . 
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(Saito, I,, et al., J. Am. Chem. Soc, 107, pp.6329-6334, 1985)&i;'£*iJ 

^(i)icjoVN-c R n # c,. 12 rfrii; j frmofc&s&mh^zv^ x 
(c«^{ci*m^ti-r{-»F»3©-a^^i:Sii&u a;(ii)£;fc^T r 22 

xmM*m^ztz&><Dmm\t\sX, mmmmu ph m^j^ *§®#Js mmt 
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m i : ib^omm 



Lfc»77>(l) 1.05 lg£2JD;U SiaTlO0H«#bfc o #rffiU£*SH 

*H NMR (300 MHz, CDC1 3 ):<5 3.18 (s, 2H), 5.46 (m, 2H), 6.58(m, 2H) 
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MS (EP) : 121 (MMJOOH) 
m.p.: 120-122 °C 

ft^»(3)*zKC»»U lST2HF«lt, Slitti^tPFJfS 
ttaitzo **««gte*K:J:DI»*U fb£$j(4)£f#fco 100% o 

'H NMR (300 MHz, DMSO): 6 2.61 (s, 2H), 5.03 (m, 2H), 6.43(m, 2H) 
m.p.: 134°C 

ft^tl(4)(D7-t! h >^(3 6 3a©3«Mb**\>l/* 1.1 ^S©^-fe^«>A 

X Dil*gSbTfls£*9(5)4f3fc. ^fe&ttHo iK^56%„ 

'H NMR (300 MHz, CDC1 3 ):£ 2.83 (s, 2H), 3.71 (s, 6H), 5.27(m, 2H), 6.46(m, 

2H) 

MS (FAB + ): 213 (M*+l) 
m.p.: 121°C 

Anal. Calcd for C 10 H 12 0 5 : C, 56.60%; H, 5.70%. Found: C, 56.32%; H, 5.66%. 

l^m<Dih&W&)t 1.05 ^fi©fb^(5)®^np*;uAM£T;i/3>T 

x-^;i/Sinx.Ts >T'i5fc#U <bl§rtl(7) 

fcfl&o M&ffiXo JR* 100% o 'H NMR (300 MHz, CDC1 3 ) £$J£bfcfc;:3x 
2Mm®m&&<DM&y)T'&%Z.£W&^2ntz {m®fcM&it : 75/25) 
1st isomer: 

(5 2.59 (s, 2H), 2.90 (s, 2H), 3.55 (s, 6H), 4.60 (s, 2H), 7.14 (s, 4H), 7.4-7.7 
(m, 10H) 
2nd isomer: 

6 3.01 and 3.04 (2s, 2H), 3.64 (s, 6H), 4.65 (s, 2H), 7.14 (s, 4H), 7.4-7.7 
(m, 10H) 

18 



WO 99/51586 



PCT/JP99/01658 



MS (EI*): 482 (M* weak), 451 (M*-CH 3 0) 
n.p.: 237°C (decomp.) 

'H NMR (300 MHz, CDCl 3 ):tf 3.85 (s, 6H), 7.40-7.74 (m, 14H), 8.13 (s, 2H) 
MS (ED: 446 (M + ), 415 (W-CE 3 0) 
m.p.: 200-201 °C 

Anal. Calcd for CMh- C, 80.70%; H, 4.97%. Found: C, 80.44%; H, 4.74%. 

ihGMVzmtzo mn&wMo ik^9i% 0 

'H NMR (300 MHz, D 2 0):tf 7.29-7.63 (m, 14H), 7.69 (s, 2H) 
MS (FAB + ): 495 (MM) 
m.p.: 300°CJ^± 

fc£fc(9) z#tz®mz 2N tt»ft»jinfr«tti:u 

tfeo »«l*»E@*UTfl5^«l(10)*^fc o JR* 100% o 

'H NMR (300 MHz, DMS0): 6 7.49-7.72 (m, 14H), 7.95 (s, 2H) 
MS (ED: 418 (M*; weak), 400 (M + -H 2 0) 

T#faUfc*gg*«8tLTfc<&«(ll)S8fc. Stfi^llo JR¥96% 0 
'H NMR (300 MHz, CDC1 3 ):<5 7.45-7.80 (m, 14H), 8.46 (s, 2H) 
MS (ED: 400 (M*) 
m.p. : 300 °C&Jh 
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Anal. Calcd for C m U l6 Q 3 : C, 83.99%; H, 4.02%. Found: C, 84.27%; H, 3.99%. 

i&VoZmzo S/'J*^;i/^ovh^7 7^f-{cJ:DmSS[U <b^(13)&mio 
m&B*° M48% 0 

'HNMR (300 MHz, DMSO): 6 6.46 (dd, 2H, Ja=8.8, Jb=2.1), 6.57 (m, 2H), 6.66 
(d, 2H, J=8.8), 7.28 (s, 1H), 7.34-7.77 (m, 14H), 8.24 (s, 1H) 
MS (EI*): 584 (M*), 540 (M*-C0 2 ) 
m.p.: 270 6 C 

o'ccd 2% m&\z&tt, mb*?i/>T'MBiLtz 0 mmm*. 2% im^±Y 

« 67%o 

l H NMR (300 MHz, DMSO): 6 2.26 (s, 6H), 6.91 (dd, 2H, Ja=8.7, Jb=2.2), 6.98 
(d, 2H, J=8.7), 7.24 (d, 2H, J=2.2), 7.30-7.80 (m, 15H), 8.30 (d, 1H, J=0.72) 
MS (EI + ): 668 (M*), 624 (M*-C0 8 ) 

Anal. Calcd for C^O,: C, 79.03%; H, 4.22%. Found: C, 79.27%; H, 4.19%. 
m.p.: 235°C 

■ 

;K15)£in;U ;p;ni>T£ 80°CT* 2 BISMLfco tfabfcSMfczMcfc: 
X, it&MMZWto tSfel&*o 1R$ 591 

■H NMR (300 MHz, DMSO): 6 6.80 (s, 2H), 6.84 (s, 2H), 7.31-7.78 (m, 15H), 

8.28 (s, 1H), 11.14(s, 2H) 

MS (FAB*): 653:655:657=9:6:1 (M*+l) 

20 
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m.p. : 243°C( decomp.) 

80°CT*5#M&U O'CCD 2% »f l/>tiajLfeo 

£ttUI& 2%7jc^<b^- r U t> A, fSffi&Jgzk-t-iftrfgL ss^^- h U *A-C9&*U 

<fc t>**«Lfc&x ^>-l?>«fc DS*gabTfls-&*(17)ftff fc« HfeJgaoiR^ 16% c 

'HNMR (300 MHz, CDC1 3 ):<5 2.36 (s, 6H), 6.88 (s, 2H), 7.12 (s, 2H), 7.35-7.79 

(m, 15H), 8.61 (s, 1H) 

MS(FAB'): 737:739:741=9:6:1 (M + +l) 

m.p.: 246°C (decomp.) 

Anal. Calcd for C^CIA: C, 71.65%; H, 3.55%. Found: C, 71.69%; H, 3.48%. 

fb£ti(l6)©^^;i/;ui>**$/ K(DMSO)»**7K»fl3^- h U £A, tiffltfrm 

^rU«>A, Rtt^hU«>A, tyrfVith U ^A(Na 2 Mo0 4 ) fc^TT*;*: 
»*tS«JUfco 3©i^t 30% »Sfli7k***5|alfc:^T»JDU -0 

SOU SfiTfc5^H»fliLfe^ SJ&fc* 0°C© 2% fflttftH-TflWs^^l/ 

>T*ttmufco mnm* 2% r u *a % is^^t*^^ r 

7 4-fc«fcD»llLTfc£#J(18)*ftfco JR*36X. 

'HNMR (300 MHz, CDCl 3 ):d 2.34 (s, 3H), 2.38 (s, 3H), 6.74, 6.80, 7.08,7.13 

(4s, 4H), 7.04-7.78 (m, 15H), 7.84 (s, 1H) 

MS(FAB'): 769:771:773=9:6:1 (M + +l); 737:739:741=9:6:1 (M + +l-0 2 ) 

m.p.: 189°C (decomp.) 
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m 2 : -mimMomfe 

miT'fttzih&Mlt)* 0.1mMx^l/>^^^>gH^(EDTA) £^tf lOOmM 
I) >MmWm (pHlO.5) C»IPU NajMoO, (1 m)RV DMSO {0A%)ZM?LX 25°C 

xmkx^? h;p%ai€ufc i(a»o zom&yotmmh&mMzo mM) * 
(0 i(b)) 0 mytQm^ft&Myotisb-eibZo 495.0 nm; m# 

515.0 nm; MEx/Em): 2.5 nm/2.5 nm. 

01 3 : -mmwtmomz 

-mmmm<D%&% CO.l mM EDTA; lOO mM U ymmmm (pH10.5); Na^o^U 
mM); DMSO (0.1%);iBKflSzK*2k(20 mMx 1); 25 "CD fcffiVV ft£tKl3)<D# 
«TT?«l«WfcS**fll*ai^bfc (0 2(a)) 0 MMtLX, Na,Mo0 4 *m\\# 
"ft (-»fi«*©*#4T) T?«fcSfjofc-(IS 2(b)) 0 -m^ 

±mtm£mt% (31 mM NaOH; 16 mM NaHC0 3 ; ImM Na^; 138 mM Na 2 Mo0 4 ) t 

*7A: Inertsil ODS 

: 10 mM U (pH 7A)/T-kh-b U;i/=6/4 

tfttti : 505 nm 

-mmmmom^tLxi-y ^ u >x> k/*— kjmis^* ep-i 
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(Saito, I,, et al., J. Am. Chem. Soc, 107, pp. 6329-6334, 1985) 

37'c<D$&0kifri : T*mfem®-mmMmzm$miz&£.$-& s ft£ti(i3)©#£ 

T-cnytZMfeLtz : 0.1 mMEDTA; 100 mM 'J >tmffifflL (pH7.4); DMSO 

(0.1%)Do i©S^ EP-1 <DMJ&£ 1 mM frt> 2.5 mM Rtf 5 mM tiffin**-^ 

KoftT, -«S»*o»4«K:j6i:fcm*©*il)a**B«>&*ifc (04). 

m«K3na:sjfcLT^"rs-jttS(ii) t^ttHK^(iv)Tas*ia'fb£«j<z> 
mm. iz -mmwtm 1 a . 
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